I. INTRODUCTION
Since Lee and Yap.g advanced the hypothesis of the violation of the pa.rity-conservation law in physical phenomena proceeding from weakly interacting particle fields, 1 vigorous theoretical and experimental efforts have been made to clarify understanding of weak interactions. This hypothesis of parity nonconaervation doubled the already large nwnbe1• of independent parameters required to ciescribe weak interactions. Landau, Lee, Yang, and Salam have reinve atigated the old and appealing two-component neutrino theory and have shown on the basis of this theory that the number of parameters is halved once . 2 we are able to dete.rmine the helicity of the neutrino.
ln the following discussion we assum.e that the two-component theory applies.
The experiments on the electron distributi.on from oriented beta sources, on polarization measurements, and on the absence of interference effects in the 3 ' . .
spectrum shape lead to two possibilities for {3 decay:
(a) it is of the V and A £orm of interaction. and emits left-handed neutrinos (the neutrino h defined as the neutral particle emitted in the boundproton decay), or (b) it is of the S, T, and P form of interaction, and emits right-handed ' neutl'inos.
A clear choice between these two classes for ~ decay has been n'lade by 4' Ooldhaber et al.
They have measured the polarization of the neutrino in electron · K capture by the method of resonance scattering of the ' Y ray •. The neutrino h left,~handed; therefore, the beta interaction is of the V and A form.
The study of f.1 decay throws additicnal light on the weak-interaction phenomena. For we may now ask: Is the hypothesis of lepton conservation consistent .with the experimental data o£ muon decay if we accept a Ut'liversal *work done under the auspices of the United States Atomic Energy Com.mission.
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-4-UCRL .. 8263 !~··c:r:n.'li interaction, i.e., a left-handed neutrino with a. V and A iutcj:action?
From the shape of the p. +-decay spectrum we know that the fJ. +-decay interaction h of the V and A type and that the neutral particles are distinguiGha.ble, i.e.,
"'.rn.erefore, the ._.. + is an antilepton (tJ. +, e +, and v are antflcptons ). Then we can conclude !rom 11'+-!fl.+ + v · , ( 2) that the n.eutral particle is a neutrino.
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Lee gives a q.ualitative argument that relates the sign of the polarization of the ..-,+and the~ particle, which is repeated here.
At the high .. energy end of the beta spectrum the neutrino and au1tineutrino
are em.itted together in the opposite direction from the beta particle;.
Because the neutrin.o and antineutrino spin in opposite directions thelr net spin is zero,. therefore 'the j3 particle has the same spin as the muon. Ft·om the asymmetry in the beta distribution-it is known that those states are 19trongly f&ll.vored.in which the !}-particle momentum is antiparallel to the n'luon momentum in the pion rest fra.n'le. 6 .If the {} particle is· right-handed then the muon is left .. handed, and vice verea. This result can be shown to hold for all electron energies, and the quantitati.ve result is given in the comparison with the data in Section XU D. Then it £ollows from Eq. (2) We undertook a new experimental determination of the polarization for both the electro\"1 and the positron from IJ. decay. Meanwhile, Culligan et al.
obtained a result for the positron polarization in agreement with the V-A interaction and left-handed neutrino. 8
In this paper we present our results for both positron polarization and electron polarization in the fJ. decay.
The reversal of the sense of polarization of positron and electron is of interest both from experimental and from theoretical pointe of view. synchrocydotron striking a ~-by-l-inch 2-inch-long beryllium target. These mesons are momentum-analyzed by the cyclotron field and then enter the · magnetic channel shown in Fig. 1 . The beam of positive n1esons h monitored and degraded in energy in the range telescope before being brought to rest in a carbon stopper, which serves as the ~-particle source.
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A momentum of 210 :i: 12 Mev/c was accepted by the magnetic channel.
Thi a channel consists of (r._) a 24-inch-long quadrupole magnet aet, placed between the cyclotron tank and the ~yclotron .shielding wall. (b) an 8-by-12-in 8-ft-long.
iron collimator through the ahielddng wall, (c) a strong-focusing 30° bending · n:w.gnet, (d) a 5econd quadrupole pair mounted in a 4-·ft·thick shielding wall, and
(e) a 45 bending magnet.
/-,.dditional shielding was placed ae shown between the COUL1ters and the cyclotron along the direction of spray ~rom the cyclotron pole pieces.
The arrangement for monitoring and stopping the mesons is shown in In the ltll experiment 11-'s were stopped. These are obtained b~r rever sing the cyclotron field and all the magnet .fields, and using additional absorber. Then the ti'" (which have a longer ra·nge) are brought to reS;t in the carbon stopper. The ~1-8 s are depolarized, owing both to the stopping material and to the cyclotron residual field of -50 gauss present at the absorber.
The intensity of the n+ beam, which cornea off the target in the direction oppo1dte to the. bombarding protons, was -6 X 10 6 particles/n'linute. .The n .. · beam, which comes oft in the forward direction, was -3 times am intense, but bec~.uee only lO~.o ofthis beam is ~-•s, the rate for the~-expcriment'was less than half that for .the ~+ exForhnent~ The range curve for the positive pion beam is shown in Fig. 3 .
B. Pola:dzation Analyzer Fig. 3 .
The magnetized iron cylinder, 6 in. in diameter and 6 in. lon.g, con'lpteted the r.tlagnetic circuit o£ an H-type magnet, which was driven near r:~atu.ration by 30 amps through 500 turns. Figure 4 is a map of the field component in tbe z direction. '!'he average field Bz is about 15.7 kilogauss for 6 in. Me<tsn.are .. ment of the photon dr<::ular polarization is made by -re:gillitoring the t:rant!l.tnh ahm tlu·ough the iron when the tna.gneti.c field points toward the lead converter (up) and o\~.lpOeite to it (down).
A third counter (13 3 ) between the iron core and ,Nal cryst.al is UB~d in part of the ~'tperbnent tQ detect charged particlea col'ning out o£ the iron.
The gam:r.n;3. radizition was detected by a Ntti('l'l) Harohaw c.:r.ymt.td, 4 in. 
C. Electronics
The electronics t!Jhown in Fig. 6 consists of a ten-channel pulse-height :.ma.lyzer gated by a P 1
fi 2 ~3 'f)~ ·coincidence formed in a coin.ddenc:e circuit with a rC;H>Olving tir;..'le of -2 >< 10"' 3 sec.
The pu.lse~hcight analyzer measu1·ed the a:mplitude of the eigoal from. t.l-:~.e £ourth dynode of the Nal photomultiplier tube with an integrating t:in.1e constant of several n-:ticror::eco,nds.
The fl 1 fl 2 coincidence rate was regir,jtered independently in a fast-counting channel and was used for relative normalization of the data. Tables 1 and 11 show the signal and accidentala rates in di!ferent energy intervals for the experiments.
Some of the background in the pulse-height analyzer signal comes fromaccidental coincidences in the fast channel that opens the gate of the pulse-height analyzer. These are mainly accidantals between real~~ ~Z events and random ' Y pulses, which are far more numerous when pulees are small than when they are large (as shown in Fig. 7 ).
The amplitude of the y-ray signals (which is differentiated and uaed for the 13 ~ y coincidell'Ce) ia adjusted so that there will be reasonably high sensitivity over the entire pulse-height interval corresponding to 2-to-ZS·Mev y-ray energies in the pulse-height analyzer. 1£ the y-ray sensitivity is set for too low a pulse-height amplitude the number of accidental gates increases rapidly. In practice the 'Y·ray sensitivity was adjusted for each run to give a satisfactory eignal .. to-accidental ratio in the 8-to .. 28-Mev region. Thia aometimea resulted in a loss of sensitivity in the lowest energy channel. The aensitivity for the low .. energy channel varied from a minimum o! -30o/o to -80o/o, depending on the shielding conditions. beam level, etc.
Number of coincidences
Total time of observations 
UI. RESULTS AND DISCUSSION
A. Data
The data taken over several days' running time were reduced as follows: F'igure 8 shows the pulse-height spectrum for the y rays with tl1e 6 in.
of iron in place. The c•emtral curve p 1 13 2 y is our main signal.
The variable 6 used to interpret the result of these experiments is d~rived from the experimentally measured quantities by the formula 12
Figu.t·e 9 shows a plot of 5, where different energy channels have been grouped together so that each group has roughly the same net number of counts in it, the errors shown are ba.s.ed on the counting statistics only.
The numbers indicated in the·figure have been corrected from Tables I and  11 Tables 1 and II shows that the number of ungated y rays 'lhith pulse h~ights greater th9-n the minimum analyzer channel (y) was consistently larger with!ield up th~n with field down for both e +and e· rune. In fact. there was an asymmetry of + l.S''lo when all run~ were averaged. We believed this effect was due to magnetic-field effect on the photomultiplier sensi.tivity. To test this hypothesis we went to a different geometry where we computed the instrumental asymmetry and then checked it by a direct measurement of the asymme~ry. To simu1ateihe kind of asymmetry introduced by a magnetic field effect on the Nai photomultiplier sensitivity we attenuated the '{-ray signal ampl}.tude.
We e>~:perimentally determined the curve. 6 (E), (4) where. N 1 and N 1 1 represent the numbers registered in channel Hi n without and with attenuation •. · The attenuation fac,tor was adjusted to give the same average asymtnetry in the ungated y-ray channel a a that produced by rever sing the magnetic field direction. 'This 6(E) curve is reported in Fig. 10 (Curve b) •.
We see that, combining it with the hollow ~eometry (Curve a fo-r right helicity, Curve c for left helicity), we are able to explain within statistical accuracies the origin o£ the e?'perimental points found with this geometry. Therefore. we use the same procedure to calculate the known instrumental asymmetry in the "usual geometry.
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. Owing to the existence of this instrumental asymmetry it probably would have been desirable to £urthe.r improve the magnetic shielding o£ the y counter.
However, we chose to stop when this asymmetry was of the order of the .
• -13-UCRL-8263 statistical limits. In fact, the procedure used to correct the asymmetries introduces an error that can be neglected. The whole effect is sufficiently s:mall so that, for example, one might as~Sign a conatant zero shift o£ 1.5°/(.) to the empirical result in· Tables 1 and 11 . If one applies this directly to the result in Fig. 9 , the agreement between the points and t.he curve is perhapa even better. However, to justify the constant,;.ahift procedure one would have to assutne a different (but as yet unidentified) source of the fa,lse asymmetry,
C. Enumeration of Possible Sources of Asymmetries
Before comparing the observed results with the theory we will describe aome o£ the sources of asymmetries that come from spurious effects. VV0 will divide these effects into two classes. Class A effects are in the same direction for either plus or minus muons, Class B. effects reverse With change in sign of the particle being studied, that is, they behave in the same way as the signal.
Class A:· Sir;n of Asymmetry Independent of Sign of Particles
Field effects on the gamma counter
The one effect that we are sure is present is associated with the fringe .
field of the analyzer magnet on the v-ray counter. The lack of cylindrical symmetry in the phototube construction gives rise to different sensitivities for ram all fields in different directions. The size ol the effect ia due to' the com.bin.ation of the cyclotron fringe field with the analyzer field so ~hat it is not necessarily of the aa1ne magnitude when the cyclotron field is reversed.
z. Field effects on the beta counter 'l'he p counters abo are sensitive to .the fringe field of the analyzer. It was found that the only positive way to eliminate these effects was to add a ,3-ft light pipe on these counters. In the final geometry, less than 10 gp;uss was present at the ex~.erior o£ the magnetic shield and no asymmetry in~ counts was seen (to a.n accuracy of -lo/o), as shown in Tables I and II. 
Compton component in the shower
The shower that develops in the iron includes Compton-scattered e.loctrona.
If thene electrons are deflected by the field of the analyzer in auch a way as to increase (or decrease) the transmission through the iron, the effect will be the same for both signs of mu mesons. We believe that such an effect is ellr.cdnated by the geometrical oymmetry of the detection system, as discussed directly below.
UC .RL-8 2. can be an asymmetry is that where in both source and detector are off. tille axis of ' . 0 symmetry of the analyzer. and then only the components separated by 90 in azimuth . are affected, In our geometry the analyzer is built with an axis of symmetry and the detector is on the axis. The sottrce is broadly illuminated and centere<l on the axis.
The radiator is also located on the axis.
One would expect that such orbit effects woUld per eist and be exaggerated in the lowest-energy ga.~ma channels. No such effect is indicated in the data.
It does not appear to us that there are any orbit effects of a size comparable to the effects being observed here.
Compton ·component in the detector
Another method for measuring the polarization of ' V rays is to measure a change in the yield of Compton electrons from magnetized iron. U the attenuation of Compton electrons is small this asymmetry is in the opposite sense from the absorption technique used here, To eliminate the possibility that our asymmetry might be cancelled o.r reversed by such processes, we performed an experiment more sensitive to this effect. In Fig. 2 the counter No. " 3 was added to detect. those events with a charged particle leaving the iron absorber. The spectrum in Fig• 8 shows that the fraction of these events falls of£ toward low-:energy y rars, varying from lOo/o at the upper end to 3o/o at the lowest energy, and the asynunetry was measured with this as a signal. The results were in the same direction as' the usual asymmetry.
The Cbmpton }\eld would drop off at higher pulse heights in the detecting Nal counwr. We conclude that the largest fraction of these events is pairs made immediately before the detector, and their asymmetry would not be distinguishable from the parent ' V rays. . ·
In the attenuation o! a line spectrum !o1r good geometry 1 the asymmetry for the transmitted intensity, with iron of length Lin which \7 electrons per a.tom a.re polarL~ed along or agairu~t the photon direction,. is
where the negative sign refers to a photon with its spin along its momentum, 1£ we assume that the radiator is thin and neglect the shower in. the radiator and the iron, we obtain as estimates for the photon polarization the values given in Table UI. A calculated spectrur~'l (summed ovar the y polariz:ea.tion after passing · thr()ugh the 6 inches of iron) is given in Fig;. 8, corrected only for attenuation.
At low energy this spectrum appears to be low. presumably owing to neglect of the cascade effects.
The actual polarization will be different from this simple model, and work 17 is in progress on a detailed calculation of such cascade effects. 'l'hese reS::ults aa applied tci this work can be interpreted as follows. 'l'he McVoy-Dyson polarization is a good approximation to the actual polarization, althot1gh for photons with energy o£ about one-half the incident energy, the indication·ia that it underestimates the polarization:.
To obtain an upper limit for the asymmetry measurerne\lt. we can assume 100(7v polarhation. This is plotted in Fig. 9 . In order to obtain a best value for the observed asymmetry, w~ must combine the data, correcting for the known instrumental aaymmctriea. We ha.ve done so in 3.~--~-jaj < 6.3
The reoults. as shown in Table IV received, and to all the people he worked with in the Radiation Laboratory for their friendship.
. .. liu ia. calculated by assu.ming lOOT(' polarized electrcna make bremstrr::blung in tho lead radiator but by neglecting multiplicative shower e!fects. The top cu:tvea are lor right-banded particles and.
the bottom c\u'ves for le!t-ha.nded onea. 1'o change the aal3ignment of the le£t-and right-handedness it would be necessary to reflect both expected curves above the .zero line. 
